Abstract
INTRODUCTION
Appendiceal mucinous neoplasms (AMNs) are a rare group of tumors. The reported incidence is 0.2%-0.4% among all patients who have undergone appendectomy, and they were found most frequently in patients aged 50-60 years [1, 2] . This disease is extremely easy to misdiagnose, and missed diagnosis is common. Most cases do not manifest any typical clinical symptoms, and ANM is often found incidentally in physical examination or other operations [3] . Only a small number of patients present with the nonspecific symptoms of chronic right lower abdominal pain or mass.
Correct preoperative diagnosis is helpful to prevent rupture of the tumor during operation, which can lead to iatrogenic implantation and the formation of pseudomyxoma peritonei (PMP) [4] . Herein, we report a case of low-grade (L)AMN that was diagnosed by surgical and histological findings, and treated at our hospital. The latest literature is also reviewed, with the objective of improving awareness and understanding of this disease.
CASE PRESENTATION

Chief complaints
A 63-year-old postmenopausal woman presented with a history of mass and pain in the lower right abdomen.
History of present illness
More than half a year prior to presentation, the patient developed a noticeable mass in her right lower abdomen that was accompanied by mild pain and discomfort, which did not prompt serious concern at that time. The mass gradually increased in size and the symptoms escalated in intensity (i.e., abdominal pain) and type (i.e., distension). She went to the local hospital first, but then came to our hospital seeking further diagnosis and treatment.
History of past illness
The patient had no history of past illness.
Physical examination
Mild tenderness was found in the right lower abdomen and a mass of about 15 cm × 8 cm was detected by palpation.
Imaging examination
Ultrasonography revealed a huge cystic mass of 7 cm × 13 cm in the right ileocecalappendix region, which had a blurred border with the surrounding tissue. Plain and enhanced computed tomography (CT) examinations showed cystic low-density lesions with partial calcification in the appendix area of the right iliac fossa. The size of the lesions was about 7.6 cm × 13.3 cm, and the CT value was 17 HU. No obvious enhancement was found in any of the stages after enhancement. No obvious enlarged lymph nodes were found in the abdominal cavity and retroperitoneum.
Laboratory testing
We began to suspect an appendiceal abscess or cystic tumor, as well as the possibility of mucocele of the appendix ( Figure 1 ). As such, testing for serum tumor markers was carried out. All markers were within normal ranges, except for the carcinoembryonic antigen (commonly known as CEA; 8.63 ng/mL, normal range: < 5 ng/mL). 
Exploratory surgery
Exploratory laparotomy was performed. A huge cystic mass measuring about 8 cm × 10 cm × 15 cm in size was found in the right lower abdomen. The mass originated from the apex of the appendix, adhered to the right abdominal wall and retroperitoneum, and had the greatest amount of fixation to the right iliac bone.
MULTIDISCIPLINARY EXPERT CONSULTATION
Pathologists Ying Jiang (Pathology Department, Second Affiliated Hospital of Harbin Medical University) and Xiao-Yu Yu (Pathology Department, Third Affiliated Hospital of Harbin Medical University) performed histological assessment of the resected mass and surrounding tissues. Immunohistochemical detection was performed. They assisted in the selection of pathological images.
FINAL DIAGNOSIS
A diagnosis of LAMN was made. Immunohistochemical staining for CK was positive ( Figure 2 ).
TREATMENT
The postsurgical recovery was uneventful. The patient was discharged to home on the 6th day and was referred for six cycles of chemotherapy (capecitabine plus oxaliplatin, known as the XELOX regimen), which was carried out at the local hospital.
OUTCOME AND FOLLOW-UP
The follow-up routine was designed to involve testing of tumor markers [CEA and carbohydrate antigen (commonly known as CA19-9)] and CT scans every 6 mo. To date, the patient has completed 18 months of the follow-up and remains in good health, with no sign of recurrence.
DISCUSSION
The first published description of an appendiceal mucocele was provided by Rokitansky [5] , who characterized the novel finding as an abnormal accumulation of mucus leading to an expansion of the appendiceal cavity. Since then, there has been a great deal of controversy about the proper and accurate terminology of AMN classification and staging, leaving pathologists and surgeons with a greater clinical challenge in assessing and managing the disease [6] . At present, the most widely used system is the 2010 4 th edition of the World Health Organization digestive system tumor classification [7] which classifies the tumors into five groups: Mucinous adenoma /cystadenoma (MN); LAMN; low-grade peritoneal pseudomyxoma originating from the appendix (referred to as PMP-L); mucinous adenocarcinoma of the appendix; and high-grade peritoneal pseudomyxoma originating from the appendix (referred to as PMP-H).
The main auxiliary diagnostic methods today are abdominal ultrasound and abdominal CT, with colonoscopy. Ultrasound can show a mass with small echo spots and/or a concentric echo layer (known as the "onion skin"), both of which have been proposed as ANM-specific alterations [8] . Yet another study has shown that when the diameter of the ultrasound-visualized appendix exceeds 15 mm, the diagnosis for AMN has a sensitivity of 83% and a specificity of 92% [2] . CT, however, is considered to be the most informative imaging method [9] , as it can evaluate the relationship between the formation of peripheral organs, which may make diagnosis easier.
When CT manifestations are cystic structures closely related to the cecum with round or long tubular shape, thin cyst wall, and smooth outline, the possibility of appendiceal mucinous adenocarcinoma should be considered; irregular cyst wall and soft tissue thickening may be also be indicative. The finding of appendix cavity diameter exceeding 13 mm prompts high suspicion of AMN.
An important indication found during colonoscopy is the so-called "volcano sign" -a visible raised zone in the cecum, with an appendicular orificium located in its center [10] . Electronic colonoscopy performance is important in the diagnostic aspect, as it allows for exclusion of synchronous or metachronous colon tumors. We believe that a comprehensive examination, involving imaging and surgical investigations, will help to improve the diagnostic rate, but the final diagnosis still depends on pathological examination of resected tissues.
Surgery is the only treatment with curative potential. During the operation, caution should be taken to avoid rupture and spread of the mucus or epithelial cells to the abdominal cavity and consequent formation of a PMP, which can significantly affect the prognosis of patients due to the high recurrence rate [11] . Currently, many teams consider the best strategy for obtaining better long-term results after treating PMP to be initiation of appropriate treatment of the peritoneal disease as early as possible; the option of no treatment would simply equate to waiting for the patient to re-present in a more advanced stage and weaker status. The peritoneal cancer index (commonly known as the PCI and used to measure the degree of peritoneal disease) is an independent factor predictive of postoperative morbidity and poor survival of AMP cases [12] . Laparoscopic surgical approach provides better evaluation of the entire abdominal cavity. Unfortunately, it carries the increased risk of rupture of the mucocele and provocation of a PMP [3] . We agree with the scholars who believe that laparoscopic surgery is a safe and reliable treatment for appendiceal mucocele [13] , according to our experience. It is important to remember, however, that if the cyst is larger or the lesion is more adherent, the risk of tumor rupture and injury will increase, and laparotomy should be performed decisively. In recent years, more reports have supported use of the aggressive strategy developed by Dhage-Ivatury and Sugarbaker [14] , which involves peritoneal and visceral resection and is also known as cytopenic surgery and hyperthermic intraperitoneal chemotherapy (CRS + HIPEC).
In any case, at the time of first operation, the appendix and the adipose tissue around its mesentery should be removed. If any liquid or mucus is found, cytological examination must be performed [15] . Some scholars believe that if negative results are obtained from the interoperative frozen sections of lymph nodes in and along the appendiceal artery, then right hemicolectomy can be avoided. In addition, a negative incision margin for the appendix can be obtained by simple appendectomy, which can also preserve function of the ascending colon and the ileocecal valve [16] . If a negative margin is not obtained, an ileocecal excision can be performed. However, a recent study has shown that for LAMN patients whose tumors were confined to the appendix and tumor markers were at normal levels, appendectomy alone (+/-) could not predict the recurrence and peritoneal dissemination of the disease, but noted that in general, even without further surgery, the appendectomy alone was sufficient [17] . In our case, the tumor was located at the apex of the appendix with a negative incision margin and slightly increased CEA level before operation. After consulting with the patient's family members during the operation, it was decided to perform only the appendectomy and then administer regular chemotherapy after the operation.
When emergency surgery fails to provide results from intraoperative frozen section analysis of the lymph nodes, a right hemicolectomy should not be performed because malignant tumors account for only 10%-20% of mucoceles [15] . The reported incidence of PMP is 65% in MN cases with perforation and 17% in MN cases without perforation; therefore, for patients without perforation, the possibility of PMP formation cannot be completely ruled out [18] . For patients with LAMN, prophylactic CRS + HIPEC treatment can achieve the greatest survival benefit, but there is an unknown risk of overtreatment. However, systemic chemotherapy before CRS + HIPEC treatment has been shown to significantly improve the prognosis of patients with peritoneal mucinous cancer [19] . When patients have both ovarian tumors and AMN, molecular analysis has revealed that the appendix is the primary source and the ovarian tumors are secondary. Therefore, in order to avoid missed diagnosis of early implanted lesions, PMP patients who are postmenopausal should have a bilateral ovariectomy performed at the same time as the appendectomy [20] . Treatment strategies for patients with AMN perforation should be standardized. The following plan for management of appendix epithelial tumor perforation cases has been put forward by Sugarbaker et al [21] : (1) For AMN with histologic manifestations of disseminated peritoneal adenomucinosis, appendectomy with CRS + HIPEC is recommended; (2) For patients with histological results showing well or moderately differentiated PMCA, the same recommendations as in (1) are made; and (3) Finally, for patients with histological results showing poorly differentiated PMCA or intestinal (non-mucinous) tumors, right hemicolectomy with regional lymph node dissection is required. In the absence of right hemicolectomy, negative findings in appendiceal lymph node samples indicate no lymph node metastasis. Using this sentinel lymph node sampling method, the implicit lymph nodes in the ileocecal colon group are retained, which is conducive to follow-up review and secondary surgical evaluation.
CONCLUSION
AMN is a rare tumor, and it is necessary to enhance the awareness and understanding of this disease. Its prognosis depends on the overall nature and type of the tumor. Pathologists should make a unified, standardized, detailed, and accurate pathological diagnosis scheme to facilitate selection of the most appropriate surgical treatment plan. Furthermore, the treating surgeons should provide detailed descriptions of the size and location of the tumor, location of abdominal mucus, and of any perforation, in the surgical records for easy follow-up. During the operation for removal of AMNs, the aim must be to ensure complete excision by means of delicate and gentle operative maneuvers in order to avoid mucus spillover after cyst wall rupture and its consequent dispersion into the abdominal cavity to form PMPs. Postoperative follow-up should be carried out regularly. CRS and HIPEC are standard treatments for peritoneal metastasis of LAMN. Unfortunately, this technique has not been developed at our center.
